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ENERGY  UTILIZATION  AND  NITROGEN  RETENTION  BY  SWINE 
AND  RATS  FED  RATIONS  VARYING  IN  ENERGY 
AND  PROTEIN  LEVEL 

ABSTRACT 

These  experiments  were  designed  to  study  the  effect  that 
feeding  rations  varying  in  energy  and  protein  level  had  on  energy  and 
nitrogen  digestibility  and  nitrogen  retention  by  weanling  rats  and 
growing  swine.  A  2  x  2  factorial  design  using  rations  containing  gross 
energy  levels  of  3.2  and  3.9  Cal./gm.  and  crude  protein  levels  of  14  and 
187.  was  used  for  the  major  studies.  Rate  of  gain  and  efficiency  of 
feed  utilization  by  swine  fed  these  rations  from  weaning  to  market  weight, 
and  carcass  characteristics  of  the  market  swine  were  also  studied. 

Twenty  percent  Terralite,  a  fine  aggregate  of  vermiculite,  was 
used  to  lower  the  digestible  energy  content  of  the  rations.  In  the 
rat  trial  Terralite  compared  favourably  with  Alphacel,  a  non- nutritive 
cellulose,  previously  used  as  a  diluent  in  studies  of  this  nature 
with  rats. 

The  apparent  digestibility  of  energy  and  nitrogen  by  rats  and 
swine  were  similar.  Although  swine  digestibility  figures  varied  with 
the  age  of  the  pig,  the  average  was  near  that  obtained  for  weanling  rats. 
Nitrogen  digestibility  decreased  for  both  species  when  a  diluent  was 
used  to  lower  the  energy  content  of  the  ration. 

As  the  diets  had  energy-protein  ratios  below  that  required 
for  maximum  nitrogen  utilization  by  rats,  nitrogen  retention  as  a 
percentage  of  gross  or  digestible  nitrogen  was  low  for  all  diets  used  in 
the  rat  trial.  On  the  basis  of  nitrogen  retention  weanling  pigs,  however, 
required  a  higher  level  of  protein  in  their  ration  than  was  required  by 
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weanling  rats.  In  the  trial  with  15  lb.  pigs  the  percent  nitrogen 
retention  was  increased  by  raising  the  protein  level  of  the  ration. 

At  later  stages  of  growth  nitrogen  retention  appeared  to  decrease 
when  high  levels  of  protein  were  fed. 

Rate  of  gain  and  feed  efficiency  in  pigs  from  weaning  to 
market  weight  were  improved  by  feeding  high  levels  of  protein  during 
early  stages  of  growth,  and  by  increasing  the  energy  level  of  the  ration 
at  later  stages.  Feeding  high  levels  of  protein  during  the  finishing 
period  decreased  rate  of  gain  and  efficiency  of  feed  utilization. 

Carcass  quality  was  not  seriously  affected  by  feeding  high 
energy  rations  when  they  contained  corresponding  high  levels  of  protein. 
However,  pigs  fed  low  energy  rations  did  have  the  superior  carcasses. 

During  the  later  stages  of  growth  male  pigs  made  faster  weight 
gains  than  females.  Female  pigs,  however,  excelled  males  in  all 


carcass  characteristics  measured. 
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ENERGY  UTILIZATION  AND  NITROGEN  RETENTION  BY  SWINE  AND  RATS  FED 


RATIONS  VARYING  IN  ENERGY  AND  PROTEIN  LEVEL 

INTRODUCTION 

Feeding  swine  high  energy  rations  which  have  been  properly 
balanced  with  protein,  as  well  as  minerals  and  vitamins,  may  result  in 
improved  feed  efficiency  and  a  faster  rate  of  gain  without  seriously 
affecting  carcass  quality.  This  concept  of  a  correct  adjustment  between 
protein  and  energy  is  not  new;  however,  it  has  been  given  new  emphasis 
in  recent  years. 

The  following  study  was  carried  out  from  May,  1958  to  June,  1959. 
It  was  conducted  in  order  to  obtain  information  pertaining  to  the  effect 
that  rations  varying  in  energy  and  protein  level  have  on  energy  and 
nitrogen  digestibility  and  nitrogen  retention  in  growing  pigs  from 
weaning  up  to  110  lb.,  and  on  rate  of  gain,  efficiency  of  feed  utilization 
and  carcass  characteristics  of  pigs  from  weaning  to  market  weight. 

In  addition  to  the  work  with  swine,  rat  studies  were  conducted 
to  obtain  preliminary  data  on  the  value  of  different  products  as  diluting 
materials  to  lower  the  digestible  energy  content  of  the  diet.  This  trial 
also  supplied  information  on  the  comparative  results  from  digestibility 
and  retention  studies  with  the  two  species,  swine  and  rats. 
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REVIEW  OF  LITERATURE 

During  the  past  several  years,  research  has  been  very  active  in 
the  field  of  energy  and  protein  relationships.  The  following  review  is 
divided  into  two  sections;  (1)  laboratory  animals,  poultry  and  humans,  and 
(2)  swine.  As  the  research  carried  out  was  primarily  concerned  with 
swine  the  first  section  is  reviewed  very  briefly. 

(1)  LABORATORY  ANIMALS,  POULTRY  AND  HUMANS 

Relatively  smaller  costs  as  well  as  a  shorter  life  cycle  have 
often  resulted  in  research  being  carried  out  with  laboratory  animals  in 
advance  of  farm  livestock.  Such  is  the  case  in  metabolism  studies  dealing 
with  energy  and  nitrogen  relationships. 

In  order  to  vary  the  ADE*  content  of  diets,  diluents  may  be  used. 
Sibbald  (1957)  used  Alphacel,  a  non-nutritive  cellulose,  for  this  purpose. 
Other  workers  (Mraz  et  a .1, ,  1957)  have  used  sand  and  vermiculite  in 
poultry  studies. 

Work  with  dogs  (Cowgill,  1928),  rats  (Adolph,  1947;  Kennedy,  1952- 
1953;  Sibbald  et  al. ,  1957,  1957b)  and  chicks  (Hill  and  Dansky,  1950,  1954; 
Dansky  and  Hill,  1951;  Peterson  ^t  aT. ,  1954)  has  established  that  any 
decrease  in  the  ADE  of  a  diet  is  compensated  for  by  increased  food 
consumption.  Breeding  turkeys,  however,  do  not  eat  primarily  to  satisfy 
their  energy  requirements  (Robblee  and  Clandinin,  1959). 

Decreased  nitrogen  utilization  during  caloric  restriction  has 
been  reported  in  humans  (Schwimmer  and  McGavack,  1948;  Leverton  j2t  al. , 

*The  following  abbreviations  will  be  used  throughout  this  thesis: 

ADE  -  apparent  digestible  energy;  ADN  -  apparent  digestible  nitrogen, 

HE-HP  -  high  energy-high  protein;  LE-LP  -  low  energy- low  protein; 

LE-HP  -  low  energy-high  protein;  HE-LP  -  high  energy- low  protein. 
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1951),  dogs  (Allison,  1951;  Rosenthal  and  Allison,  1951),  mice  (Bosshardt 
and  Barnes,  1946;  Fenton  and  Marsh,  1956),  rats  (Bosshardt  and  Barnes, 

1946;  Stevenson  et  al. ,  1946;  Benditt  et  al. ,  1948;  Pike  et  al. ,  1954; 
Galloway  and  Spector,  1955;  Forbes  and  Yohe,  1955;  Rosenthal  and  Allison 
1956;  Sibbald  e_t  al. ,  1956,  1957)  and  poultry  (Sunde,  1956;  Donaldson 
et  al. ,  1956),  Animals  will  utilize  food  protein  to  satisfy  their 
energy  requirements  when  low  levels  of  non-protein  calories  are  fed 
(Pollack,  1954). 

In  rat  studies  Sibbald  _et  al. ,  (1957)  have  shown  that  the  percentage 
of  nitrogen  retained  is  controlled  by  the  ratio  of  ADN  to  ADE  in  the  diet. 
Sure  et  al. ,  (1957)  also  working  with  rats,  found  protein  efficiency  to 
decrease  with  increased  protein  intake  as  a  result  of  the  greater  waste 
in  nitrogen  metabolism  with  the  increased  ingestion  of  protein.  Forbes 
et  al.  (1958)  working  with  growing  albino  rats,  showed  that  as  the  rate 
of  nitrogen  absorbed  increased  the  nitrogen  balance  increased  at  a 
decreasing  rate.  This  supports  earlier  work  with  adult  dogs  (Allison  and 
Anderson,  1945)  in  which  the  relationship  between  nitrogen  balance  and 
absorbed  nitrogen  was  found  to  be  linear  in  the  region  of  negative 
nitrogen  balance,  the  linearity  often  extending  over  on  the  positive 
side,  but  becoming  obviously  curvilinear  well  on  the  positive  side  of 
nitrogen  balance. 

For  a  more  complete  review  of  the  literature  published  concerning 
food  consumption,  nitrogen  retention  and  carcass  composition  as  related 
to  calorie : protein  ratios  in  animal  diets  reference  is  made  to  Sibbald' s 
Doctorate  thesis  (1957). 
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(2)  SWINE 

A.  ENERGY  AND  NITROGEN  DIGESTIBILITY  AND  NITROGEN  RETENTION 

One  of  the  first  metabolism  studies  with  swine  was  conducted  by 
Mitchell  and  Hamilton  in  1935.  In  pigs  weighing  about  100  lb.,  these 
workers  found  a  higher  nitrogen  retention  as  the  percent  of  protein  in 
the  ration  increased  from  9  to  20  or  25  percent.  At  heavier  weights, 

15  percent  protein  was  found  to  be  as  good  as  18  percent  using  nitrogen 
retention  as  the  criterion  of  adequacy. 

Mitchell  and  Hamilton  reported  that  the  digestibility  of  the 
protein  fraction  was  not  affected  by  the  protein  level.  This  is  in 
contrast  to  a  later  report  (Lloyd  and  Crampton,  1955)  in  which  increas¬ 
ing  the  protein  percentage  or  decreasing  the  crude  fiber  percentage  of 
a  ration  was  found  to  have  a  tendency  to  increase  the  apparent  digestibility 
of  protein.  In  another  report  Crampton  _et  al„  (1955)  explained  that  the 
biological  (replacement)  value  of  protein  contained  in  malt  sprouts  was 
lower  than  that  of  linseed  oilmeal  protein,  not  because  of  the  difference 
in  protein  quality,  but  because  the  low  digestibility  of  the  crude  fiber 
in  malt  sprouts  resulted  in  a  low  apparent  digestibility  of  malt  sprouts 
protein. 

Bell  ^t  al.  (1951)  presented  data  to  show  that  the  biological 
value  of  protein  fed  at  a  level  of  107o  of  the  total  ration  decreased 
as  the  weight  of  the  pigs  increased.  This  work  was  supported  by  Reber 
et  al.  (1953)  who  found  that  the  biological  value  of  casein  decreased 
as  the  level  of  protein  in  the  ration  was  increased  and  as  the  pigs 
increased  in  body  weight. 

The  conducting  of  metabolism  studies,  where  accurate  separation 
of  excreta  is  required,  frequently  presents  caging  problems.  Rectangular- 
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type  metabolism  cages  have  been  successfully  used  for  pigs  over  50  lb. 
(Crampton  and  Whiting,  1943;  Watson  _et  ad..,  1943;  Hussar,  1958),  while 
use  of  adjustable  cylindrical  cages  has  been  suggested  for  smaller  pigs 
(Bell,  1948).  The  use  of  swine  harness  (Kolari  et  al.  1955;  Hussar, 

1958)  has  simplified  the  separation  of  excreta  from  male  baby  pigs. 

B.  RATE  OF  GAIN,  FEED  EFFICIENCY  AND  CARCASS  CHARACTERISTICS 

In  an  excellent  review  of  factors  affecting  rate  of  gain,  feed 
efficiency  and  carcass  quality  in  swine,  Tribble  e_t  al.  (1956)  stated 
that  as  early  as  1909  Forbes  recognized  nutrition  to  have  an  important 
effect  on  the  composition  of  the  hog  carcass.  Today,  research  workers 
(Bowland  and  Berg,  1959)  are  considering  the  possibility  of  establishing 
an  optimum  ratio  between  dietary  energy  and  nitrogen  in  swine  rations, 
which  would  be  similar  to  that  demonstrated  for  the  weanling  rat  (Sibbald 
et  al.  1957)  and  chick  (Hill  and  Dansky,  1950).  These  workers  state 
that  "in  establishing  such  an  optimum  ratio  it  is  necessary  to  define 
the  criterion  of  measurement  in  hogs,  as  rate  of  gain  and  efficiency 
of  feed  utilization  may  have  different  protein-energy  optima  to  that 
required  for  high  carcass  quality". 

It  has  been  found  that  when  isocaloric  rations  of  varying  protein 
level  were  fed  to  swine  that  rate  of  gain,  feed  efficiency  and  carcass 
characteristics  were  affected  (Ellis  and  Hankins,  1935).  Keith  and 
Miller  (1939)  found  that  when  rations  containing  up  to  18  percent  protein 
were  fed  that  the  maximum  and  most  efficient  gains  were  made  by  pigs 
on  the  highest  levels  of  protein.  Similarily  Abernathy  et  al.  (1958) 
reported  significantly  faster  gains  during  the  first  7  weeks  on  experi¬ 
ment  with  pigs  fed  rations  containing  187.  protein  when  compared  to  those 
fed  rations  containing  147,  protein.  In  other  experiments  (Hoefer  et  al. 
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1952;  Tribble  et  al. ,  1956)  no  differences  in  rate  of  gain  and  feed 
efficiency  were  obtained  between  pigs  fed  rations  containing  various 
levels  of  protein,.  In  general  with  growing  and  finishing  pigs  it  has 
not  been  found  desirable  to  feed  rations  containing  more  than  267.  protein 
which,  although  not  seriously  detrimental,  are  often  unpalatable,  cause 
scouring  and  result  in  a  low  rate  and  efficiency  of  gain  (Robison, 

1940;  Terrill  et  al, ,  1952). 

Bowland  and  Berg  (1959)  noted  that  in  the  growing  period  to 
110  lb.,  high  protein  rations  (217o)  resulted  in  improved  feed  efficiency 
as  compared  to  medium  protein  (177.)  rations.  They  found  further  that 
high  protein  alone  or  in  combination  with  high  energy  rations  improved 
efficiency  of  feed  utilization  in  the  finishing  period.  Their  results 
indicated  that  high  protein  rations  resulted  in  leaner  carcasses.  The 
latter  effect  has  similarily  been  noted  by  other  workers  (Ellis  and 
Hankins,  1935;  Robison  et  al.,  1952;  Tribble  et  al. ,  1956;  Ashton  et  al. , 
1955). 

In  contrast  to  these  findings  Catron  et  al. ,  (1952)  reported 
that  the  percent  carcass  lean  was  not  affected  by  protein.  These 
workers  further  observed  that  protein  had  no  effect  on  backfat  thickness 
and  length  of  body.  In  regard  to  length  of  body,  this  work  is  supported 
by  Bowland  and  Berg  (1959)  who  found  that  neither  protein  nor  energy 
levels  in  the  ration  were  associated  with  changes  in  carcass  length. 

Abernathy  ^t  al.  (1958)  and  Bowland  and  Berg  (1959)  have 
recently  reported  studies  on  protein  and  energy  interrelationships  in 
rations  for  growing  swine.  Abernathy  et  al.  (1958)  found  that  a  highly 
significant  increase  in  gains  with  a  corresponding  higher  feed  efficiency 
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resulted  when  energy  levels  of  rations  were  increased.  Bowland  and 
Berg  (1959)  reported  that  rate  of  liveweight  gain  tended  to  be  fastest 
in  pigs  fed  HE-HP  rations  throughout  the  growing  and  finishing  period. 
These  workers  also  indicated  that  up  to  110  lb.  pigs  on  high  energy 
rations  ate  more  than  pigs  fed  rations  low  in  energy,  while  from  110 
lb.  to  market  weight  pigs  consumed  low  energy  rations  at  a  higher  rate 
than  high  energy  rations.  High  energy  rations  improved  efficiency  of 
feed  utilization  during  the  latter  period. 

Citing  Fredeen  (1953),  who  found  carcass  characteristics  in 
Yorkshire  hogs  to  vary  between  sexes,  Bowland  and  Berg  (1959)  suggested 
that  it  is  probable  that  optimum  protein  to  energy  ratios  in  the  ration 
may  differ  between  sexes,  at  least  in  relation  to  ultimate  carcass 
quality.  In  their  study  they  found  male  pigs  gained  more  rapidly  than 
females.  They  also  noted  that  female  pigs  required  less  feed  per  pound 
gain  than  male  pigs  in  the  finishing  period  and  that  carcasses  from 
female  pigs  excelled  those  from  male  pigs  in  all  factors  measured  except 
carcass  length. 

Energy  intake  may  be  reduced  in  two  ways;  by  lowering  the  energy 
content  of  the  ration  or  by  restricting  the  amount  of  feed  which  an  animal 
is  allowed  to  consume.  It  is  known  that  the  time  required  for  feed  to 
pass  through  the  gut  in  pigs  may  be  increased  by  at  least  4  hours  by 
restriction  of  feed  intake  (Castle  and  Castle,  1957).  As  a  consequence 
of  smaller  quantities  of  feed  flowing  more  slowly  through  the  gastro¬ 
intestinal  tract  more  absorption  occurs.  This  may  be  the  explanation 
behind  the  findings  (Berg  and  Bowland,  1958;  Barber  et  al. ,  1957;  Robison, 
1952)  that  lower  levels  of  feed  intake  (restricted  feeding)  resulted  in 
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slower  but  more  efficient  gains  than  self- feeding.  When  the  feed 
intake  of  pigs  is  restricted  superior  carcasses  are  produced  (Berg  and 
Bowland,  1958;  McMeekan,  1940).  As  less  available  energy  is  required 
to  produce  lean  as  compared  to  fat,  the  leaner  carcasses  of  the  pigs 
fed  restricted  rations  could  also  be  associated  with  the  improved 
efficiency  of  feed  utilization. 
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EXPERIMENTAL 


OBJECTIVES 

The  major  objective  of  these  experiments  was  to  study  energy- 
nitrogen  relationships  in  swine  rations.  Specific  experiments  were 
designed  to  study;  (a)  Energy  digestibility  and  nitrogen  retention  in 
weanling  rats  fed  rations  containing  non-nutritive  cellulose  and  finely 
ground  vermiculite  as  diluents  to  lower  the  energy  level  of  the  rations. 
This  was  a  preliminary  experiment  to  test  the  value  of  vermiculite  in 
experiments  of  this  type,  (b)  Energy  digestibility  and  nitrogen  retention 
when  4  rations  containing  2  levels  of  protein  and  2  levels  of  energy 
were  fed  to  pigs  averaging  15,  50  and  110  lb.  liveweight,  and  (c)  Rate 
of  gain,  efficiency  of  feed  utilization  and  carcass  characteristics  of 
pigs  of  4  breeding  groups  fed  these  same  4  rations  from  weaning  to 
market  weight. 


METHODS  AND  PROCEDURES 

A.  FORMULATION  OF  EXPERIMENTAL  RATIONS 

Energy-nitrogen  relationship  studies  require  rations  varying  in 
either  nitrogen  level  and/or  ADE  content.  In  making  these  ration 
changes  consideration  must  be  given  to  the  fact  that  when  the  ADE  content 
of  a  ration  is  increased  adjustments  must  be  made  to  prevent  the  occurrence 
of  nutritional  deficiencies  such  as  minerals  and  vitamins  which  may 
result  from  a  lowered  feed  intake  (Sibbald,  1957). 

In  order  to  vary  the  ADE  content  of  the  feed  it  was  decided 
that  a  diluent  should  be  used.  For  this  purpose  Terralite,  a  fine 
aggregate  of  vermiculite,  was  selected.  The  suitability  of  its  use  was 
determined  by  comparing  it  with  Alphacel,  a  non- nutritive  cellulose, 
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which  has  been  successfully  used  in  rat  studies. 

The  formulation  and  composition  of  the  rations  are  given  in  Tables 
1 ,  2 ,  3  and  4 . 


TABLE  I. 

-  RATIONS  USED  IN  ENERGY- PROTEIN 

[  EXPERIMENTS 

Ration  No . 

Ration 

Diluent  Used 

1 

High  energy-high  protein 

(HE-HP) 

None 

2 

Low  energy- low  Protein 

(LE-LP) 

Terralite* 

3 

Low  energy-high  protein 

(LE-HP) 

Terralite* 

4 

High  energy-low  protein 

(HE-LP) 

None 

5 

Low  energy- low  protein 

(LE-LP) 

Alphacel** 

6 

Low  energy-high  protein 

(LE-HP) 

Alphacel** 

*  Terralite  -  Purchased  from  Insulation  Industries  (Edmonton)  Ltd., 

8602  -  106A  Ave.,  Edmonton. 

Terralite  is  a  fine  aggregate  of  vermiculite,  which  is  an  expanded 
or  exfoliated  mica.  As  analyzed  by  Vermiculite  Institute,  208  S.  La  Salle 
Street,  Chicago  4,  Illinois,  the  product  is  relatively  inert  chemically 
but  has  a  water  holding  capacity  of  300%  of  its  weight. 

**  Alphacel  -  A  non-nutritive  cellulose  prepared  by  the  Nutritional 
Biochemicals  Corportion,  Cleveland,  Ohio. 


Rations  fed  to  hogs  are  generally  altered  throughout  the  growing 
and  finishing  period  in  order  to  economically  meet  the  nutrient  require¬ 
ments  of  the  animals.  This  is  done  by  feeding  starter,  grower  and  finisher 
rations  which  vary  in  protein  and  to  a  lesser  extent  in  energy  levels.  In 
this  experiment  a  constant  ration  was  fed  for  the  entire  experimental  period 
in  order  to  simplify  interpretation  of  the  results. 

The  experimental  rats  received  the  same  food  as  was  fed  to  the  pigs  - 
rations  1,2,3  and  4.  In  addition  two  groups  of  4  rats  each  received  low 
energy  diets,  5  and  6,  in  which  Alphacel  replaced  Terralite  as  a  diluent. 
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TABLE  2.  -  FORMULATION  AND  COMPOSITION  OF 

ON  AN  AIR-DRY  BASIS 

RATIONS 

Ration  No. 

1 

2 

3 

4 

5 

6 

Ingredients 

HE-HP 

LE-LP 

LE-HP 

HE-LP 

LE-LP 

LE-HP 

Wheat  - 

53.5 

42.8 

32.8 

63.1 

42.8 

32.8 

Corn  - 

17.0 

13.6 

13.6 

17.0 

13.6 

13.6 

Sugar  - - 

10.0 

8.0 

8.0 

10.0 

8.0 

8.0 

Soybean  oil  meal  (44%,)- 

13.5 

10.8 

18.3 

6.3 

10.8 

18.3 

Fishmeal  (72%) 

4.5 

3.6 

6.1 

2.1 

3.6 

6.1 

Ground  limestone  - 

0.6 

0.48 

0.48 

0.6 

0.48 

0.48 

Iodized  salt 

0.5 

0.4 

0.4 

0.5 

0.4 

0.4 

Vitamin  mix*  - 

0.3 

0.24 

0.24 

0.3 

0.24 

0.24 

Antibiotic  supplement** 

0.1 

0.08 

0.08 

0.1 

0.08 

0.08 

Terralite  - 

- 

20.0 

20.0 

- 

- 

- 

Alphacel  - 

- 

- 

- 

- 

20.0 

20.0 

100  lb.  100  lb. 

Rations  Used  in  Digestibility  Studies 

100  lb. 

100  lb. 

100  lb. 

100  lb. 

Av.  crude  protein  —  %, 

18.1 

14.7 

17.6 

13.7 

14.0 

17.0 

Gross  energy  -  Cal./gm. 

3.93 

3.25 

3.25 

3.91 

3.94 

3.99 

Moisture  - -  % 

10 

8 

8 

10 

9 

9 

Experiment  328A 

Av.  crude  protein  —  % 
Calculated  Total 

17.9 

14.0 

17.9 

13.6 

— 

Digestible  Nutrients  % 

80.3 

64.2 

63.5 

81.0 

' 

*  In  the  HE-HP  and  HE-LP  rations  the  following  levels  of  vitamins  were 
supplied  per  100  lb.  of  ration. 


Vitamin  A  - 

Vitamin  D2  - 

Choline  - 

Niacin  - 

Pantothenic  acid 

Riboflavin  - 

Folic  acid  - 

Vitamin  B-^  - 


50,000  I.U. 
10,000  I.U. 

2  gm. 

1 . 8  gm. 
800  mg. 
400  mg. 

12  rag, 
0.9  mg. 


In  the  LE-LP  and  LE-HP  rations  these  levels  were  reduced  by  20%  on  the 
assumption  that  these  pigs  would  eat  more  feed  for  an  equivalent  amount 
of  gain. 


**  The  antibiotic  supplements  supplied  0.5  gm.  aureomycin  hydrochloride, 
0.25  gm.  penicillin  G  procaine  and  0.75  gm.  streptomycin  per  100  lb.  or 
a  total  of  30  gm.  of  antibiotic  per  ton  of  HE  ration. 
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TABLE  3.  -  COMPOSITION 

OF  RATIONS 

ON  AN  OVEN-DRY  BASIS 

Ration  No. 

1 

HE -HP 

2 

LE-LP 

3 

LE-HP 

4 

HE-LP 

5 

LE-LP 

6 

LE-HP 

Terralite*  -  7. 

21.7 

21.7 

mm 

Alphacel**  - -  % 

- 

- 

— 

- 

20.9 

20.9 

Average  crude 

protein  -  % 

20.1 

16.0 

19.1 

15.2 

15.4 

18.6 

Gross  energy  -  Cal./gm. 

4.37 

3.53 

3.53 

4.34 

4.33 

4.38 

Gross  energy  less  energy 
from  diluent*** 

-  Cal./gm. 

4.37 

3.42 

3.42 

4.34 

3.42 

3.46 

*  Adding  207o  Terralite  to  the  ration  decreased  the  moisture  content  of  the 
ration  by  20  percent.  Terralite  was  therefore  considered  to  be  moisture 
free. 

**  Adding  207.  Alphacel  to  the  ration  decreased  the  moisture  content  of  the 
ration  by  17o  -  from  10  to  9  percent.  Alphacel  was  considered  to  contain 
57o  moisture. 

The  gross  energy  content  of  Alphacel  was  reported  to  be  420  Cal./lOO  gm. 
Bowland  et  al.  1958,  Can.  J.  Animal  Sci.  38:  187-193. 

Based  on  the  decrease  in  energy  due  to  the  presence  of  Terralite 
in  the  ration,  the  gross  energy  content  of  Terralite  was  calculated 
to  be  approximately  50  Cal./lOO  gm. 
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TABLE  4.  - 

-  APPARENT  DIGESTIBLE  ENERGY  AND  NITROGEN 

OF  OVEN-DRY  RATIONS 

Ration 

1 

2 

3 

4 

5 

6 

HE -HP 

LE-LP 

LE-HP 

HE-LP 

LE-LP 

LE-HP 

Diluent 

None 

Terralite 

Terralite 

None 

Alphacel 

Alphacel 

(a)  Gross  energy 

Cal./lOO  gm.  feed 

437 

353 

353 

434 

433 

438 

(b)  ADE  Cal./lOO  gm.  feed 

Rats  - 

383 

291 

288 

379 

307 

308 

15  lb,  pigs 

387 

294 

287 

385 

- 

- 

50  lb.  pigs 

377 

288 

282 

364 

- 

- 

110  lb»  pigs 

387 

299 

297 

385 

- 

- 

Mean  for  pigs 

384 

294 

289 

378 

- 

— 

(c)  Gross  nitrogen 

mg./lOO  gm.  feed 

2892 

2356 

2811 

2189 

2231 

27  25 

(d)  ADN  mg./lOO  gm.  feed 

Rats  - 

2548 

1875 

2252 

1893 

1874 

2289 

15  lb.  pigs  — 

2565 

1869 

2205 

1889 

- 

- 

50  lb.  pigs 

2443 

1781 

2145 

1685 

- 

- 

110  lb.  pigs  - 

2546 

1928 

2325 

1907 

- 

- 

Mean  for  pigs 

2518 

1859 

2225 

1827 

- 

— 

(e)  ADE  Cal./gm.  ADN 

in  feed 

Rats  - 

150 

155 

128 

200 

164 

135 

15  lb.  pigs  — 

151 

157 

130 

204 

- 

- 

50  lb.  pigs 

154 

162 

131 

216 

- 

- 

110  lb.  pigs 

152 

155 

128 

202 

- 

- 

Mean  for  pigs 

152 

158 

130 

207 
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Diets  containing  Alphacel  were  mixed  at  the  University  Animal 
Science  Laboratory.  The  other  rations  were  ground  and  mixed  at  the  University 
Livestock  Farm,  bagged  in  approximately  100  lb.  lots  and  stored  in  a  dry 
heated  barn.  Diets  fed  to  the  rats  were  further  ground  through  a  No.  50 
screen  in  the  Weber  Pulverizing  Mill*  to  prevent  the  rats  from  sorting 
their  food.  The  rat  diets  were  kept  in  sealed  jars  in  the  rat  room  of  the 
Animal  Science  Laboratory. 

B.  METHODS  AND  PROCEDURES  IN  RAT  EXPERIMENT 

At  21  days  of  age  24  weanling  albino  male  rats  of  the  Sprague-Dawley 
strain  were  obtained  from  the  laboratory  stock  colony  and  groups  of  6, 
representing  the  6  diets  used,  were  randomly  allotted  to  individual  cages 
in  4  different  rows.  When  possible  rats  from  the  same  litter  were  placed 
in  the  same  row.  The  metabolism  portion  of  this  experiment  was  conducted 
between  July  31,  1958  and  August  11,  1958. 

Following  the  method  described  by  Sibbald  (1957)  the  weanling  rats 
were  fed  ad  libitum  the  experimental  diets  to  which  they  had  been  allotted 
plus  vitamins  A  and  D**.  Following  a  ration  acclimatization  period  of  7 
days,  the  rats  were  placed  in  metabolism  cages  that  had  been  sprayed  with 
a  saturated  solution  of  boric  acid  in  957.  ethanol.  Food  consumption  and 
rat  weights  were  recorded  at  the  time  of  weaning  and  at  7  day  intervals 
thereafter,  until  the  end  of  the  trial. 

Urine  plus  cage  washings  were  collected  in  25  ml.  of  507.  concen¬ 
trated  during  the  metabolism  period  and  these  were  filtered  into  ground 

glass  stoppered  flasks  and  stored  at  38°F.  The  samples  were  made  up  to 

*  Weber  Laboratory  Pulverizing  Mill  manufactured  by  Weber  Bros.  Metal  Works, 
Chicago,  Ill. 

**0ne  drop  of  oil  containing  approximately  750  I.U.  vitamin  A  and  300  I.U. 
vitamin  D,  was  administered  weekly  to  each  rat. 
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250  ml.  with  water  and  10  ml.  aliquots  were  analyzed  for  nitrogen. 

Feces  were  collected  daily  during  the  metabolism  period,  placed  in 
small  aluminum  dishes  and  oven  dried  at  105°C.  Prior  to  analysis  the  dried 
feces  were  ground  in  a  small  Wiley*  mill  using  a  20-mesh  screen. 

The  food  was  analyzed,  using  a  Parr  Oxygen  Bomb  Calorimeter**,  to 
determine  ihe  gross  energy  content  of  the  rations  fed  to  the  rats  and  to 
the  pigs  in  Experiments  328  and  328A.  Caloric  values  of  fecal  samples  from 
the  rat  and  swine  trials  were  similarly  determined. 

Nitrogen  analysis  of  the  food  and  of  the  feces  and  urine  obtained 
from  the  rat  and  swine  trials  were  conducted  by  the  Kj eldahl -Gunning 
method  using  boric  acid  to  retain  the  ammonia. 

C.  METHODS  AND  PROCEDURES  IN  SWINE  EXPERIMENTS. 

The  swine  experiments  were  sub-divided  into  two  separate  trials: 

1)  Experiment  328  dealt  with  energy  and  nitrogen  metabolism  studies  with 
16  pigs  at  15,  50  and  110  lb.  weights.  Information  pertaining  to  rate  of 
gain,  efficiency  of  feed  utilization  and  carcass  characteristics  of  these 
pigs  from  weaning  to  market  weight  was  also  obtained. 

2)  Experiment  328A,  was  conducted  with  64  pigs  of  4  breeding  groups  and  was 
designed  to  give  information  on  rate  of  gain,  efficiency  of  feed  utilizat¬ 
ion  and  carcass  characteristics.  This  experiment  is  being  replicated  this 
summer  so  that  no  detailed  discussion  will  be  given  of  interactions, 
particularly  those  relating  to  breeding  groups. 

*  Wiley  Mill  No.  4276  sold  by  A.  H.  Thomas  Co.  Philadelphia,  U.S.A. 

**  Parr  Instrument  Company,  Moline,  Illinois;  temperature  changes  registered 
by  a  Brown  Electronik  Recorder  manufactured  by  Minneapolis-Honeywell 
Regulator  Company,  Philadelphia,  Pennsylvania. 
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1)  Experiment  328 

a)  Allotment 

As  facilities  became  available  between  June  16,  1958 
and  August  17,  1958,  16  half-sib  Landrace- Yorkshire  crossbred  pigs  3  to  4 
weeks  of  age,  averaging  12  pounds  in  weight,  were  obtained  from  a  nearby 
farm  for  metabolism  studies.  When  possible  each  group  of  4  pigs  was  from 
the  same  litter „  The  pigs  in  each  group  were  allotted  at  random  to  the  4 
rations  used  in  the  trial. 

General  management,  metabolism  trials  and  methods  of 
analysis  were  similar  to  those  reported  by  Hussar  (1958)  and  are  outlined 
only  briefly. 

b)  General  Management 

The  purchased  pigs  were  ear-notched  at  birth  for 
identification  purposes  and  had  been  routinely  treated  for  anemia.  They 
were  castrated  upon  completion  of  the  15  lb.  metabolism  trial,  and  at  an 
average  weight  of  30  lb.  were  treated  with  a  cadmium  oxide  compound  for 
control  of  ascarids. 

For  the  15  lb,  metabolism  period  the  pigs  were 
transported  to  the  animal  rooms  at  the  University  Animal  Science  Research 
Laboratory.  The  50  and  110  lb.  metabolism  trials  were  conducted  at  the 
University  Livestock  Farm.  Individual  feed  consumption  data  were  obtained 
for  the  pigs.  Both  while  on  and  off  metabolism,  they  were  fed  individually 
for  periods  of  approximately  one  hour  3  times  daily.  Between  feedings  when 
not  on  metabolism  studies  the  pigs  ran  together  in  an  area  where  they  had 
access  to  automatic  watering  bowls. 
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Pig  weights  were  recorded  at  weekly  intervals,  and 
at  the  first  weekly  weighing  after  a  pig  exceeded  190  lb.  liveweight  it 
was  shipped  to  market.  Following  slaughter,  Canadian  Government  carcass 
grades  and  Advanced  Registry  (National  Bacon  Hog  Policy,  1954)  measure¬ 
ments  and  scores  were  obtained. 

c)  Metabolism  and  Methods  of  Analysis 

The  pigs,  prior  to  being  placed  on  metabolism, 
were  allowed  to  become  accustomed  to  the  ration  for  a  period  of  at  least 
10  days,  or  until  they  reached  approximately  15  lb „  in  weight.  An  over¬ 
night  acclimatization  period  was  also  required  when  the  pigs  were  placed 
in  the  metabolism  cages  in  order  that  the  pigs  might  become  accustomed  to 
the  feed  and  watering  troughs.  Feed  consumed  during  the  metabolism  period 
was  recorded. 

To  help  prevent  scouring  and  vomiting,  pigs  were 
treated  with  soluble  Terramycin  before  moving  them  from  the  University 
Livestock  Farm  to  the  animal  rooms  at  the  University  Animal  Science 
Laboratory.  When  these  symptoms  developed  the  data  collected  were  dis¬ 
carded  and  the  pigs  were  returned  to  the  farm  for  a  2  to  3  day  recovery 
period . 

Feces  were  collected  using  a  harness  described  by  Kolari  et_  al. 
(1955)  and  modified  by  Hussar  (1958)*.  The  feces  were  collected  in 
polyethylene  bags  which  were  removed  daily.  All  fecal  material  was  emptied 
from  the  bags  and  the  total  feces  dried  for  approximately  12  hours  at  105°C. 

*  Details  of  the  metabolism  harness  as  well  as  of  the  construction  of  the 
waterers,  feeders  and  metabolism  cages  used  for  the  15  lb.  pigs  may  be 
found  in  Hussar's  thesis  (1958). 
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The  dried  feces  were  stored  in  closed  glass  bottles  and  upon  completion 
of  the  experiment  the  composite  samples  from  each  pig  were  weighed  and 
ground.  The  initial  grinding  was  through  a  2mm.  mesh  screen  in  a  Wiley 
No.  1  Mill*.  A  100  gm.  aliquot  was  then  drawn  and  passed  through  a  No.  24 
screen  in  a  Weber  Pulverizing  Mill.  The  resulting  sample  was  sealed  in  a 
glass  bottle  and  stored  at  38°F  until  it  was  analyzed  for  energy  and 
nitrogen. 

Urine  was  collected  in  plastic  pails  containing  50  ml. 
of  507.  H2SO4.  The  acidified  urine  plus  cage  washings  collected  during 
the  5  day  period  were  filtered  and  weighed.  Five  ml.  aliquots  of  this 
filtered  urine  were  then  analyzed  for  nitrogen  content.  The  weight  of  the 
5  ml.  aliquot  was  determined  by  weighing  a  50  ml.  aliquot  in  a  volumetric 
flask . 


Metabolism  studies  on  50  and  110  lb.  pigs  were  conducted 
at  the  University  Livestock  Farm  in  cages  described  by  Hussar  (1958).  The 
pigs  were  kept  on  trial  for  a  5  day  period  during  which  time  feed  intake 
was  recorded  and  feces  and  urine  samples  were  collected.  No  cage  acclima¬ 
tization  period  was  required. 

Urine  samples  were  collected  in  plastic  buckets  containing 
75  ml.  of  507,  H2S04.,  At  the  conclusion  of  the  trial  the  weight  of  the  urine 
plus  washings  was  determined.  The  sample  was  then  thoroughly  mixed  and  an 
aliquot  taken  for  nitrogen  analysis  as  in  the  15  lb.  pig  trial. 

Fecal  samples  were  collected  3  times  during  the  5  day 
metabolism  period.  Total  feces  from  each  pig  was  brought  to  the  laboratory, 
dried,  ground  and  analyzed  as  in  the  15  lb.  pig  trial. 


*  Wiley  No.  1  Mill.  Manufactured  by  A.  H.  Thomas  Co.,  Philadelphia,  Pa. 
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2)  Experiment  32 8A 

An  experiment  was  set  up  in  September,  1958,  to  study 
the  rate  of  gain,  efficiency  of  feed  utilization  and  carcass  characteristics 
of  4  strains  of  pigs  of  both  sexes  when  fed  the  rations  used  in  Experiment 
328.  The  pigs,  housed  in  the  experimental  feeding  wing  of  the  hog  barn 
at  the  University  Livestock  Farm,  were  supplied  water  from  automatic  waterers 
and  fed  ad  libitum  from  weaning  to  market  weight.  Feed  consumption  data 
were  recorded  and  the  pigs  were  weighed  at  weekly  intervals.  Following 
slaughter,  Canadian  Government  carcass  grades  and  Advanced  Registry 
(National  Bacon  Hog  Policy,  1954)  measurements  and  scores  were  obtained  as 
in  experiment  328. 

The  plan  of  the  experiment  was  to  allot  64  approxi¬ 
mately  20  lb .  6  week  old  weanling  pigs  to  16  lots,  4  lots  each  of: 

(a)  Yorkshire 

(b)  Landrace-Yorkshire 

(c)  Tamwoith-Yorkshire,  and 

(d)  Lacombe-Yorkshire  pigs. 

Each  lot  contained  2  males  and  2  females.  The  4  lots 
of  each  strain  were  alloted  at  random  to  rations  1  to  4  as  shown  in  Table  2. 

The  pigs  were  ear-notched  and  had  been  routinely  treated 
for  anemia  prior  to  being  placed  on  test.  They  were  later  treated  for  the 
removal  of  ascarids,  and  the  males  were  castrated  at  a  similar  age  to  the 
pigs  in  Experiment  328. 
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RESULTS  AND  DISCUSSIONS 

A  summary  of  the  results  obtained  in  the  rat  and  swine  trials 
and  mean  squares  obtained  by  analysis  of  variance  of  individual  data  are 
given  in  Tables  4  to  26.  The  methods  of  analyses  in  these  tables  followed 
those  outlined  by  Goulden  (1956). 

In  Table  4,  ADE  and  ADN  contents  of  the  rations  fed  to  rats  and 
swine  are  given.  Tables  5A  to  7B  deal  with  the  rat  metabolism  trial, 

8A  to  16  with  the  swine  metabolism  trials  and  17  to  26  with  average  daily 
gain,  rate  of  gain,  efficiency  of  feed  utilization  and  carcass  characteristics 
of  swine  in  the  group  feeding  experiment. 

A.  ENERGY  DIGESTIBILITY  AND  NITROGEN  RETENTION  TRIAL  WITH  RATS 

1)  Average  Body  Weight,  Rate  of  Gain,  Food  Consumption  and 

Efficiency  of  Food  Utilization 

The  data  for  average  body  weight,  rate  of  gain,  food  consumption 
and  efficiency  of  food  utilization  for  the  rats  on  metabolism  studies 
are  given  in  Tables  5A  and  B  with  the  statistical  analyses  data  in 
Tables  6A  and  B  and  7A  and  B. 

The  average  weight  of  the  rats  on  each  diet  at  the  beginning  of 
the  acclimatization  period  was  36+1  gram.  Rats  on  low  protein  and 
Terralite  diets  during  acclimatization  made  slow  weight  gains  and  there¬ 
fore  weighed  less  than  the  other  rats  while  on  metabolism.  A  similar 
diet  effect  has  been  reported  by  Bowland  et  aJL.  (1958)  who  noted  that 
rats  receiving  low  nitrogen  diets  gained  more  slowly  during  the  7~day 
acclimatization  period  than  those  receiving  higher  levels  of  nitrogen. 

Sibbald  (1957)  also  noted  a  significant  difference  between  rat  weights 
following  acclimatization,  the  difference  being  primarily  a  function  of 
the  superior  growth  promoting  effect  of  diets  containing  smaller 

quantities  of  diluent. 
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TABLE  5A.  -  RAT  METABOLISM  TRIAL  -  BODY  WEIGHTS  AND  FOOD-1-  CONSUMPTION 
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TABLE  5B.  -  RAT  METABOLISM  TRIAL  -  DRY  MATTER,  ENERGY  AND  NITROGEN 
DIGESTIBILITY2,  NITROGEN  RETENTION 


Corr 

Digestibility _  Digestibility  Retention 


Row 

Dry 

matter 

Energy 

Nitrogen 

Dry 

matter 

Energy 

Gross  N 

ADN 

7> 

% 

7, 

7. 

7o 

7o 

7. 

Diet  1 

1 

86 

88 

88 

86 

88 

52 

59 

HE -HP 

2 

85 

86 

88 

85 

86 

49 

56 

3 

87 

88 

89 

87 

88 

56 

63 

4 

86 

88 

87 

86 

88 

56 

64 

Mean 

86 

88 

88 

86 

88 

53 

60 

Diet  4 

1 

87 

87 

87 

87 

87 

50 

57 

HE-LP 

2 

86 

86 

84 

86 

86 

52 

62 

3 

87 

87 

87 

87 

87 

54 

62 

4 

88 

89 

88 

88 

89 

52 

59 

Mean 

87 

87 

86 

87 

87 

52 

60 

Diet  2 

1 

63 

82 

78 

82 

85 

48 

61 

LE-LP 

2 

63 

79 

77 

82 

82 

454 

59^ 

"Terralite" 

3 

70 

85 

82 

89 

88 

444 

56 

4 

68 

83 

82 

87 

86 

40 

49 

Mean 

66 

82 

80 

85 

85 

44 

56 

Diet  5 

1 

68 

70 

84 

86 

88 

51 

61 

LE-LP 

2 

68 

70 

84 

86 

88 

52 

63 

"Alphacel" 

3 

68 

71 

83 

86 

88 

47 

57 

4 

70 

72 

85 

88 

90 

52 

62 

Mean 

69 

71 

84 

87 

88 

51 

61 

Diet  3 

1 

60 

81 

76 

79 

84 

43 

57 

LE-HP 

2 

64 

82 

82 

83 

84 

43 

53 

"Terralite" 

3 

64 

83 

81 

83 

85 

42 

52 

4 

64 

80 

82 

82 

83 

36 

44 

Mean 

63 

82 

80 

82 

84 

41 

52 

Diet  6 

1 

66 

68 

85 

84 

86 

45 

53 

LE-HP 

2 

67 

69 

82 

85 

87 

42 

51 

"Alphacel" 

3 

67 

71 

84 

85 

89 

37 

44 

4 

68 

72 

85 

86 

90 

38 

45 

Mean 

67 

70 

84 

85 

88 

40 

48 

Oven -dry  basis. 

3 In  correcting  the  digestibility  figures  the  effect  which  the  diluent  had 
upon  the  previous  calculation  was  removed. 

^Missing  value  obtained  by  the  method  of  Goulden,  pages  318-320. 
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Least  significant  difference 

No  significant  difference  -  as  determined  in  Table  7A 
Not  calculated 


TABLE  7A.  -  RAT  METABOLISM  TRIAL  -  MEAN  SQUARES  OBTAINED  BY 

ANALYSIS  OF  VARIANCE  OF  TABLE  5A 


26 


54 

a) 

PM 


03 

O 

ti 

•H 

00 

CO 

M3 

00 

CM 

O 

Cfl 

• 

• 

• 

• 

mh 

00 

o 

r— 1 

o 

r— 1 

O 

Q 

O 


4< 

£ 

a 

CO 

f'- 

CM 

H 

M3 

00 

uo 

CO 

53 

UO 

00 

M3 

! - ( 

CM 

• 

a 

O 

ft 

ft 

CO 

co 

O 

uo 

00 

r>. 

U0 

M3 

CO 

!3 

CM 

a 

UO 

CM 

o 

O 

uo 

t-H 

<!• 

M3 

5-1 

O 

O 

• 

4-1 

W 

CO 

<1- 

r>* 

<t 

CO 

a 

5 

Q 

ti 

r^. 

CM 

as 

o 

00 

< 

O 

CM 

H 

r>. 

M3 

M3 

M3 

fo 

O 

CO 

i — i 

uo 

t-H 

T— 1 

to 

o 

pa 

• 

i 

§ 

CO 

i — i 

00 

i — i 

o 

CM 

M3 

4-1 

ai 

H 

kO 

00 

CM 

CO 

o 

o 

CO 

!— 1 

UO 

r— 1 

t-H 

o 

Q 

o 

a) 

<u 


< 


£ 

•H 

flj 

os) 


•  o3 
4->  O 
£  tH 
5-1 

to  a) 
03  a. 
o 

-Q  o 

+j 

.  (U 
>  0 
<5 


pH 

Q 


r^-  r- 

i — i 


uo 

CM 


* 

* 

00 


CM  M3 
M3  CM 


CO  UO  CO  UO 
<N  rH 


Oi  <f 
CO 


t  $ 

f —  i — I  CM 
I".  CM  CO 
rH  CO 


CM 


CM 


£ 

a 

•H 

4J 


4-» 

Pi 

O 

P3 

•r4 

cti 

I—) 

u 

a> 

a) 

54 

oj 

4-1 

o 

2 

4-1 

(U 

4-1 

(1) 

£ 

54 

rH 

o 

4-1 

O 

•rH 

O 

54 

•H 

54 

d 

H 

Q 

pi 

W 

o 

Ph 

H 

: 


J 

(  ■ 


■ 


i 


;  . 


i 


: 


i 


d 

II  i 


••  . 


TABLE  7B .  -  RAT  METABOLISM  TRIAL  -  MEAN  SQUARES  OBTAINED 
BY  ANALYSIS  OF  VARIANCE  OF  TABLE  5B 


27 


o  00 

CM  r-l 


* 

*  * 

r-l  CM 

a\  00 


% 


o  to 

CO 


*  $  * 

r>.  o  on 

o  o  o 

CM  r— I 


CM  tO  CO 
CM  r-l 


CM 


CM 


i  * 

CM  MO 


* 

CT\ 

CM 


* 

CM 


* 

*  * 
CO  r— I 
CM  CM 


co 


* 

* 

^  N  <}■ 


* 

CO  CO 


co  to  CO  to 
CM  i— I 


CM  i — I  CM 


d 

o 

•H 


4J 

d 

O 

d 

•H 

cd 

T“ 1 

5-1 

a) 

0) 

54 

cd 

4J 

O 

d 

4-1 

(0 

4-1 

0) 

£ 

5-1 

r— 1 

O 

4-> 

o 

•H 

O 

5-( 

•H 

5-1 

d 

H 

Q 

Pd 

W 

P 

P 

M 

■U 

r— I 

2 

Cfi 

a) 

54 

cd 


co 

cd 

4-1 

CO 

o 


tfl 

cd 

5 


6 

o  a) 

■"d  d 

0)  r— I 

a>  cd 
5-i  > 
<4-1 


50 

d 


<4-1 

o 

CO 

<0  CO 

a;  -h 

u  g 

50 

a>  a) 

Td  ,d 

■u 

ai 

d  m-i 

O  o 


to  r-l 

o  o 

•  • 

o  o 


W 

P  P-l 
4->  4-> 

cd  cd 

4-1  +J 


d  d 
cd  cd 
o  o 

•rl  -H 
<4-4  <4-1 
•i— I  mM 


50  50 

•r-l  *1-1 

CO  CO 


*  * 
* 


: 


i : 

5- 

J4> 


* 

t  • 

i- 

L'.  LA 

)  ■  . 

:  s  ■ 


! 


!  I  >- 


... 

**.  *’. 

•,  r 

‘  • 

>  <  ' 

1  ( 

i  . 

Vi 

: 

i  ; 

1  - 


! 


('  1 


y  . 


i  • 


. ' 


:: 


, 


j’. 


■  l 


’ 


K 


r 


t 


:  r 
1  ■. 


:  i 


i- : 


i  ■ 


, 

- 

I 


, 

>■ 


!. 

i 

r 

: 


;  . 

- 


r: 


28 


To  adjust  for  the  weight  differences,  average  weekly  gain  as 
well  as  food,  ADE  and  gross  nitrogen  consumption  during  the  metabolism 
period  were  compared  on  a  100  gm.  body  weight  basis.  Neither  the 
diluent  nor  protein  level  significantly  influenced  any  of  these  factors 
other  than  gross  nitrogen  consumption.  However,  as  suggested  by 
Sibbald  (1957),  fiber  did  tend  to  depress  ADE  consumption.  Low  energy 
diets  also  appeared  to  decrease  rate  of  gain. 

The  nitrogen  level  had  a  slight  but  not  significant  influence  on 
energy  consumption  as  rats  on  HE-LP  diets  consumed  a  higher  level  of 
ADE  than  those  fed  on  other  diets.  As  explained  by  Bowland  et  al.  (1958), 
who  obtained  similar  results  this  may  have  represented  "an  apparent 
attempt  by  the  rat  to  get  additional  nitrogen". 

Although  the  difference  was  not  significant,  diets  containing 
diluents  (low  energy  diets)  were  utilized  less  efficiently  than  higher 
energy  diets.  Nitrogen  levels  did  not  affect  efficiency  of  food 
utilization. 

2)  Digestibility  of  Dry  Matter  and  Energy 

Dry  matter  and  energy  digestibility  figures,  as  presented  in 
Table  5B,  were  corrected  for  moisture  content  and  the  presence  of  a 
diluent . 

Dry  matter  and  energy  digestibility  remained  the  same  in  the 
presence  of  Alphacel  as  on  the  control  diets  but  decreased  in  the  presence 
of  Terralite.  Dry  matter  digestibility  was  also  lower  in  rations  high 
in  protein. 

The  coefficients  of  digestibility  for  dry  matter  and  energy  were 
significantly  higher  for  rats  in  the  2  bottom  rows  of  the  metabolism  rack 
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as  compared  with  rats  in  the  2  top  rows.  As  the  temperature  of  the  top 
row  was  only  0.4  C  higher  than  that  of  the  bottom  row  and  as  other  factors 
were  apparently  equal,  the  differences  in  digestibility  were  likely 
associated  with  between  litter  variation. 

3)  Consumption  and  Digestibility  of  Nitrogen 

The  data  for  nitrogen  consumption  are  in  Table  5A  while  the  data 
for  nitrogen  digestibility  and  retention  are  in  Table  5B. 

As  expected,  rats  fed  diets  high  in  protein  consumed  the  greatest 
amount  of  nitrogen.  A  significant  difference  in  gross  nitrogen 
consumption  between  diluents  also  resulted  as  rats  fed  the  Terralite 
diets  consumed  more  nitrogen  than  those  fed  the  control  diets  while 
rats  fed  Alphacel  and  control  diets  did  not  differ  significantly  in 
nitrogen  consumption. 

Forbes  et  aJL.  (1958)  found  the  true  digestibility  of  peanut  and 
egg  protein  and  casein  was  not  affected  by  protein  concentration  in  the 
diet.  Bowland  et  £l.  (1958),  reporting  on  the  influence  of  dietary  fat, 
found  that  the  percentage  ADN  increased  as  nitrogen  levels  in  the  diet 
increased.  In  this  experiment  the  percentage  ADN  was  not  significantly 
influenced  by  the  level  of  protein  in  the  diet,  however  the  percentage 
ADN  tended  to  be  higher  for  diets  high  in  protein. 

A  significant  decrease  in  percentage  ADN  occurred  when  a 
diluent  was  used  to  lower  the  ADE  content  of  the  ration.  This  is  in 
agreement  with  work  by  Meyer  (1956)  who  observed  that  an  increase  in 
the  indigestible  portion  of  a  diet  increased  the  total  fecal  nitrogen 
excretion,  and  work  by  Sibbald  (1957)  who  noted  that  increasing  levels 
of  Alphacel  tended  to  decrease  the  digestibility  of  the  gross  nitrogen 
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Other  workers  (Whiting  and  Bezeau,  1957)  have  similarily 
reported  decreased  protein  digestibility  in  the  pig  as  well  as  a  correspond¬ 
ing  increase  in  the  metabolic  fecal  nitrogen  when  the  fiber  content  of 
the  ration  was  increased.  In  this  experiment  M.F.N.  was  not  studied 
but,  as  reported  by  Bowland  et  al.  (1958),  it  is  possible  that  the 
increase  in  fiber  intake  on  low  energy  rations  may  have  increased  M.F.N. 
and  hence  decreased  apparent  digestibility  of  nitrogen. 

The  significant  difference  noted  in  nitrogen  digestibility 
between  low  energy  rations  containing  Alphacel  and  those  containing 
Terralite  might  be  accounted  for  if  it  is  assumed  that  Terralite  increased 
MoF.No  to  a  greater  degree  than  Alphacel. 

4)  Nitrogen  Retention 

Diets  used  in  this  trial  had  an  energy-nitrogen  ratio  below  277 
Cal.  ADE  per  gm.  ADN  reported  by  Sibbald  _et  al.  (1957)  as  being  optimal 
for  maximum  nitrogen  utilization.  As  a  result  nitrogen  retention  as  a 
percentage  of  gross  digestible  nitrogen  was  probably  low  on  all  diets. 

A  significant  difference  between  the  high  and  low  protein  diets,  however, 
indicated  that  nitrogen  was  used  less  efficiently  as  the  protein  level 
was  increased. 

Retention  of  nitrogen  as  a  percentage  of  gross  nitrogen  was 
also  significantly  lower  on  low  energy  or  diluted  diets  when  compared  to 
the  higher  energy  diets,  and  on  diets  containing  Terralite  when  compared 
to  those  containing  Alphacel.  This  difference  can  be  accounted  for  if 
one  assumes  that  an  increase  in  M.F.N.,  as  discussed  previously,  resulted 
because  of  the  addition  of  diluents  to  the  ration. 

From  the  nitrogen  retention  results  it  is  difficult  to  determine 
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what  dietary  effects  caused  the  significant  interaction  between  diluent 
and  protein,  but  it  probably  was  associated  with  diet  5,  the  LE-LP 
Alphacel  diet,  where  retention  was  not  lowered  in  comparison  with  the 
high  energy  diets.  No  other  interactions  of  significance  appeared  in 
this  study. 

B.  ENERGY  DIGESTIBILITY  AND  NITROGEN  RETENTION  TRIALS  WITH  SWINE 

1)  Average  Body  Weight,  Rate  of  Gain  and  APE  Consumption 

The  data  for  this  portion  of  the  swine  metabolism  studies  are 
reported  in  Tables  8A  for  15  lb.  pigs,  11A  for  50  lb.  pigs  and  14A  for 
110  lb.  pigs  with  analyses  data  in  Tables  9,  12  and  15  respectively. 

An  attempt  was  made  to  put  the  pigs  in  each  ration  on  trial  at 
the  same  weight.  However,  average  body  weight  during  the  metabolism 
period  was  often  higher  for  the  faster  growing  pigs  fed  rations  high 
in  energy  and  protein.  To  adjust  for  the  weight  differences,  average 
5  day  gain,  ADE  and  gross  nitrogen  consumption  were  compared  on  a  100 
gm.  body  weight  basis. 

Average  5  day  gain  per  100  gm.  body  weight  was  not  significantly 
affected  by  the  energy  or  protein  content  of  the  ration,  although  it 
was  generally  higher  for  pigs  on  high  energy  and  high  protein  rations. 

ADE  consumption  was  higher  for  15  and  50  lb.  pigs  fed  rations 
high  in  energy  than  it  was  when  low  energy  rations  were  fed.  In  the 
50  lb.  trial  this  difference  was  significant.  However,  in  the  110  lb. 
trial  ADE  consumption  was  similar  for  rations  at  the  different  energy 
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Protein  level  also  influenced  ADE  consumption.  Fifty  pound 
pigs,  acting  in  a  manner  similar  to  the  rat,  consumed  significantly 
greater  amounts  of  ADE  when  fed  the  HE-LP  ration.  This  trend  was  not 
significant  in  15  lb.  pigs  which  had  been  on  the  ration  for  only  a  short 
time  and  it  was  not  evident  in  110  lb.  pigs  which  require  less  nitrogen 
per  unit  of  feed.  In  the  15  lb.  group,  as  well  as  in  the  50  lb.  group 
for  which  the  interaction  was  significant,  there  was  a  greater  increase 
in  ADE  consumption  when  the  energy  content  of  LP  rations  was  increased 
than  there  was  when  the  energy  content  of  HP  rations  was  increased. 

This  further  indicated  that  starting  and  growing  pigs  may  have  consumed 
greater  amounts  of  ADE  in  order  to  obtain  more  nitrogen. 

2)  Digestibility  of  Dry  Matter  and  Energy 

As  in  the  rat  trial  dry  matter  and  energy  digestibility  figures 
as  given  in  Tables  8B,  11B  and  14B  were  adjusted  for  moisture  and  diluent 
content.  With  the  exception  of  the  15  lb0  pigs  these  digestibility 
figures  were  the  same  for  low  as  for  high  energy  rations.  The  percent 
energy  digestibility  was  lowered  when  rations  containing  Terralite  were 
fed  to  15  lb.  pigs. 

Dry  matter  and  energy  digestibilities  on  a  percentage  basis 
were  lower  for  50  lb.  than  for  15  and  110  lb.  pigs.  There  was  also 
a  difference  between  replicates  in  dry  matter  and  energy  digestibilities 
in  all  but  the  110  lb.  group  indicating  between  litter  variation. 

3)  Consumption  and  Digestibility  of  Nitrogen 

The  nitrogen  data  along  with  analyses  of  the  data  are  reported 

in  Tables  8A  to  16. 

As  would  be  expected  from  the  type  of  ration  formulation  used. 
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pigs  fed  rations  high  in  protein  consumed  more  nitrogen  than  pigs  fed 
low  protein  rations.  On  a  100  gm.  body  weight  basis  the  greatest  amount 
of  nitrogen  was  consumed  by  pigs  fed  the  LE-HP  ration,  the  least  by 
pigs  fed  the  HE-LP  ration.  As  low  energy  rations  had  a  relatively  lower 
energy  to  protein  ratio,  pigs  fed  rations  low  in  energy  consumed  a  greater 

amount  of  nitrogen  than  those  fed  high  energy  rations. 

The  percentage  ADN  did  not  increase  significantly  as  the 
nitrogen  level  in  the  diet  increased,  except  for  50  lb.  pigs.  The 
percentage  ADN  was  higher,  however,  when  high  protein  rations  were  fed  to 
15  and  110  lb.  pigs. 

In  the  50  lb.  group  a  significant  interaction  between  energy 
and  protein  resulted  as  the  increase  in  percentage  ADN  was  not  as  great 
when  the  protein  level  of  the  low  energy  ration  was  increased  as  it  was 

when  the  protein  level  of  the  high  energy  ration  was  raised.  In  the 

15  lb.  pigs  increasing  the  protein  level  of  low  energy  rations  actually 
decreased  the  percentage  ADN. 

A  significant  decrease  in  percentage  ADN  occurred  in  all 
groups  when  low  energy  rations  were  fed,  probably  as  a  result  of  the 
diluent  causing  an  increase  in  metabolic  fecal  nitrogen.  This  possible 
increase  in  M.F.N.  with  an  increase  in  ration  fiber  was  discussed  in 
the  rat  trial. 

4)  Nitrogen  Retention 

Nitrogen  retention  as  a  percentage  of  gross  nitrogen  or  ADN 
was  significantly  higher  for  15  lb.  pigs  fed  high  protein  rations  than 
it  was  for  pigs  in  the  same  group  fed  rations  low  in  protein  and  high 
in  energy.  Similar  findings  have  been  reported  by  De  Maeyer  and 
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Vanderborght  (1957),  as  cited  by  Scrimshaw  et  al.  (1958),  who  showed 
that  the  biological  value  of  soya  (soybean  oil  meal)  fed  to  children, 
as  determined  by  nitrogen  retention,  was  higher  at  high  levels  of 
intake  than  at  low. 

As  indicated  by  a  significant  interaction  between  energy  and 
protein  in  the  ration  of  the  15  lb.  pigs  a  higher  percentage  increase 
in  nitrogen  retention  occurred  when  the  protein  level  of  the  high 
energy  ration  was  increased  than  occurred  when  the  protein  level  of 
the  low  energy  ration  was  raised.  Nitrogen  retention  of  the  HE-HP 
ration  (150  Cal.  ADE/gm.  ADN)  was  137.  higher  than  that  of  the  HE-LP 
ration  (200  Cal.  ADE/gm.  ADN).  Nitrogen  retention  of  the  LE-HP 
ration  (128  Cal.  ADE/gm.  ADN)  was  only  1  to  27.  higher  than  that  of 
the  LE-LP  ration  (155  Cal.  ADE/gm.  ADN). 

It  appears  that  for  15  lb.  pigs  the  energy /protein  ratio  is 
important  in  obtaining  maximum  nitrogen  retention.  In  this  study, 
nitrogen  retention  was  lowered  when  the  energy/protein  ratio  was 
higher  than  150  Cal.  ADE/gm.  ADN.  However,  feeding  too  high  a  level 
of  protein  would  probably  also  lower  nitrogen  retention  as  work  with 
rats  (Sibbald  _et  al. ,  1957;  Sure  et  al. ,  1957;  Bowland  et  al. ,  1958) 
and  swine  (Bell  and  Loosli,  1951;  Reber  et  al.,  1953)  has  shown  that, 
due  to  the  greater  waste  in  metabolism  with  the  increased  ingestion 
of  protein,  percent  nitrogen  retention  will  decrease  if  high  levels 
of  protein  are  fed. 

Increasing  the  protein  level  of  the  high  energy  ration  did 
not  lower  percent  nitrogen  retention  by  50  lb.  pigs,  however,  it  was 
lowered  when  the  protein  level  of  the  low  energy  ration  was  increased. 
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Increasing  the  protein  level  of  both  high  and  low  energy  rations  lowered 
nitrogen  retention  of  pigs  in  the  110  lb„  group.  Although  these  differences 
were  not  significant  they  indicated  a  trend  toward  less  efficient  use 
of  protein  when  50  and  110  lb.  pigs  were  fed  high  protein  rations. 

In  15,  50  and  110  lb.  pigs  percent  nitrogen  retention  was 
highest  for  the  slower  growing  pigs  fed  low  energy  rations.  This 
resulted  despite  a  possible  greater  M.F.N.  loss  for  these  pigs  than  for 
those  fed  high  energy  rations. 

C.  DAILY  GAIN,  DAILY  FEED  AND  EFFICIENCY  OF  FEED  UTILIZATION  OF  SWINE 

UP  TO  MARKET  WEIGHT;  CARCASS  CHARACTERISTICS  OF  MARKET  SWINE 

Experiment  328A,  to  which  the  majority  of  the  following  results 
and  discussion  pertain,  was  conducted  with  four  different  breeding  groups. 
However,  as  this  project  was  primarily  concerned  with  ration  effects, 
the  strain  differences  will  not  be  discussed,  although  they  were  separated 
in  the  analysis. 

Sex  differences  were  determined  for  rate  of  gain  and  carcass 
characteristics.  As  the  pigs  in  each  lot  were  group  fed,  differences 
between  sexes  could  not  be  determined  for  daily  feed  and  efficiency  of 
feed  utilization. 

An  analysis  of  variance  was  done  for  Experiment  328  mainly  to 
determine  if  the  pigs  in  this  trial,  which  were  used  in  the  metabolism 
study  reported  previously,  behaved  similarly  to  the  pigs  in  Experiment 
328A.  When  mentioned  in  the  discussion  data  from  Experiment  328  will  be 
referred  to  specifically. 

The  term  "feed"  as  used  in  the  following  discussion  excludes 
the  Terralite  content  of  low  energy  rations. 
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1)  Daily  Gain 

The  data  and  statistical  analysis  of  the  data  for  daily  gain 
are  given  in  Tables  17  and  18  for  Experiment  328A  and  in  Tables  21 
and  22  for  Experiment  328. 

Average  daily  gain  was  limited,  especially  in  the  early  growth 
stage,  by  protein  level.  Up  to  64  days  of  age  significantly  greater 
increases  in  rate  of  gain  resulted  when  the  protein  level  of  the 
high  energy  ration  was  increased  than  occurred  when  the  protein  level 
of  the  low  energy  ration  was  raised.  From  64  days  to  market  weight 
pigs  fed  high  energy  rations  made  significantly  greater  weight  gains 
than  pigs  fed  rations  low  in  energy.  In  general  rate  of  gain  from 
weaning  to  market  weight  was  improved  by  increasing  either  the  energy 
or  protein  content  of  the  rations. 

These  results  are  in  agreement  with  recently  reported  studies 
by  Abernathy  et  al.  (1958)  who  found  that  a  highly  significant  increase 
in  gains  resulted  when  the  energy  levels  of  rations  were  increased, 
and  Bowland  and  Berg  (1959)  who  reported  that  rate  of  liveweight  gain 
tended  to  be  fastest  in  pigs  fed  HE-HP  rations  throughout  the  growing 
and  finishing  period. 

For  the  first  64  days  on  trial  female  and  male  pigs  gained 
in  weight  at  the  same  rate.  From  64  days  to  market  weight  males  made 
faster  gains  than  females,  and  males  had  a  significantly  higher  daily 
rate  of  gain  from  weaning  to  market  weight. 

2)  Daily  Feed 

The  data  and  analysis  for  average  daily  feed  are  given  in  Tables 
19  and  20  for  Experiment  328A  and  in  Tables  21  and  22  for  Experiment  328. 
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TABLE  17,  -  EXPERIMENT  328A  -  AVERAGE  DAILY  GAIN  IN  WEIGHT  OF  64  PIGS 

FROM  WEANING  TO  MARKET  WEIGHT 


Summary 


No .  of 
pigs 

First  36 
days  on 
test 

First  64 
days  on 
test 

64  days 
to 

market  wt. 

Weaning 

to 

market  wt 

lb. 

lb. 

lb. 

lb. 

Ration 

1 

HE -HP 

16 

1.14 

1.36 

1.89 

1.59 

Ration 

2 

LE-LP 

16 

0.86 

1.08 

1.80 

1.42 

Ration 

3 

LE-HP 

16 

0.95 

1.19 

1.72 

1.43 

Ration 

4 

HE-LP 

16 

0.75 

0.98 

2.00 

1.47 

Female 

32 

0.93 

1.15 

1.76 

1.44 

Male 

32 

0.92 

1.16 

1.94 

1.52 

TABLE  18.  -  EXPERIMENT  328A  -  MEANS  SQUARES  OBTAINED  BY  ANALYSIS  OF 
VARIANCE  OF  INDIVIDUAL  DATA  SUMMARIZED  IN  TABLE  17 

DF 

First  36 
days  on 
test 

First  64 
days  on 
test 

64  days 
to 

market  wt. 

Summary 

Weaning 

to 

market  wt . 

Total 

63 

Sex 

1 

0.00 

0.01 

0 . 49** 

0 . 10** 

Strain 

3 

0.10 

0.09* 

0.17** 

0.08** 

Ration 

3 

0 . 43** 

0 . 42** 

0.23** 

0.09** 

Ration  x 

strain 

9 

0.04 

0.03 

0.03 

0.01 

Ration  x 

sex 

3 

0.09 

0.07 

0.06 

0.03 

Strain  x 

sex 

3 

0.03 

0.03 

0.05 

0.01 

Error 

41 

0.05 

0.03 

0.03 

0.01 

Energy 

1 

0.03 

0.02 

0 . 53** 

0.16** 

Protein 

1 

0.92** 

0.95** 

0.14* 

0.06* 

Interaction 

1 

0.35** 

0.29** 

0.01 

0.05 

*  Significant  at  P  0.05 
**  Significant  at  P  -C.  0.01 
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TABLE  19.  -  EXPERIMENT  328A  -  AVERAGE  DAILY  FEED  INTAKE  AND  EFFICIENCY  OF  FEED  UTILIZATION  OF  64  PIGS 
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SUMMARIZED  IN  TABLE  19 
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TABLE 

I  21-  -  EXPERIMENT  328  -  AVERAGE  DAILY 
EFFICIENCY  OF  FEED  UTILIZATION  OF  13 
WEANING  TO  MARKET  WEIGHT 

GAIN  IN  WEIGHT 
PIGS  FROM 

AND 

o 

No.  of  Av 

.  daily 

Av.  daily  Feed''"  per 

DE  per 

pigs 

gain 

feed1 

lb.  gain 

lb.  gain 

lb. 

lb. 

lb. 

Therms 

Ration 

1 

HE -HP 

4 

1.4 

3.6 

2.5 

4.3 

Ration 

2 

LE-LP 

3 

1.2 

2.9 

2.5 

4.3 

Ration 

3 

LE-HP 

3 

1.2 

2.9 

2.4 

4.1 

Ration 

4 

HE-LP 

3 

1.3 

3.3 

2.5 

4.3 

Oven-dry  feed  less  diluent, 

^One  of  the  4  pigs  in  rations  2,  3  and  4  died  before  market. 


TABLE  22.  -  EXPERIMENT  328  -  MEAN  SQUARES  OBTAINED  BY  ANALYSIS  OF 
VARIANCE  OF  INDIVIDUAL  DATA  SUMMARIZED  IN  TABLE  21 


DF 

Av.  daily 
gain 

Av.  daily 
feed1 

Feed1 *  per 
lb.  gain 

DE 

lb. 

per 

gain 

Total 

12 

Ration 

3 

0.06 

0.37 

0.01 

0. 

04 

Replicate 

3 

0.02 

o 

0.13 

0.05 

0. 

17* 

Error 

6 

-0.00J 

-o.oi-5 

0.01 

0. 

03 

Energy 

1 

0.16 

0.01 

0.00 

0. 

05 

Protein 

1 

0.02 

0.06 

0.01 

0. 

03 

Interaction 

1 

-0.00 

1.04 

0.00 

0. 

05 

"'‘Oven-dry  feed  less  diluent. 

3  a  negative  mean  square  for  error,  resulting  from  an  unequal 

number  of  pigs  in  rations  and  replicates,  prevented  a  test  of 
significance  from  being  carried  out  for  average  daily  gain 
and  daily  feed. 


*  Significant  at  P  <  0.05 
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Daily  feed  consumption  tended  to  correspond  to  daily  rate  of 
gain.  From  weaning  to  110  lb. ,  pigs  fed  the  HE-HP  ration  consumed  a 
greater  amount  of  feed  per  day  than  pigs  fed  the  other  rations.  From 
110  lb.  to  market  weight  pigs  fed  the  HE-LP  ration  tended  to  consume 
the  greater  amount  of  feed,  but  differences  in  feed  consumption  were 
not  significant. 

As  pigs  fed  the  HE-LP  ration  grew  slowly  at  an  early  age  and 
made  rapid  gains  prior  to  market  their  daily  feed  from  weaning  to 
market  tended  to  be  lower  than  that  of  pigs  fed  the  other  rations. 

This  is  in  contrast  to  Experiment  328  where  the  daily  feed  intake  of 
pigs  fed  high  energy  rations  was  higher  than  that  of  pigs  fed  low 
energy  rations. 

3)  Feed  and  Digestible  Energy  per  lb.  Gain 

The  data  and  analysis  for  efficiency  of  feed  and  DE  utilization 
are  given  in  Tables  19  and  20  for  Experiment  328A  and  in  Tables  21 
and  22  for  Experiment  328. 

Feed  and  DE  required  per  lb.  gain  followed  similar  trends. 

During  the  first  36  days  on  trial  pigs  fed  high  protein  rations  required 
significantly  less  feed  and  DE  per  lb.  gain  than  pigs  fed  rations  low 
in  protein.  Energy  levels,  however,  did  not  affect  efficiency  of  feed 
utilization  (corrected  for  Terralite  content)  during  this  period. 

From  weaning  to  110  lb.  both  high  energy  and  high  protein 
rations  improved  efficiency  of  feed  utilization.  During  this  period, 
raising  the  protein  level  of  the  high  energy  ration  resulted  in  a 
greater  decrease  in  feed  and  DE  required  per  lb.  gain  than  raising  the 
protein  level  of  the  low  energy  rations. 
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In  contrast  to  work  reported  by  Bowland  and  Berg  (1959)  in 
which  it  was  found  that  high  protein  alone  or  in  combination  with  high 
energy  rations  improved  efficiency  of  feed  utilization  in  the  finishing 
period,  pigs  in  this  experiment  fed  rations  high  in  protein  tended  to 
utilize  their  feed  less  efficiently  from  110  lb.  to  market  weight  than 
pigs  fed  low  protein  rations.  As  a  result  protein  levels  did  not 
significantly  alter  feed  and  DE  required  per  lb.  gain  from  weaning  to 
110  lb.  or  from  weaning  to  market.  Pigs  fed  high  energy  rations  in  the 
finishing  period  utilized  both  their  feed  and  the  DE  of  the  feed  more 
efficiently  than  pigs  fed  low  energy  rations. 

During  the  first  36  days  on  experiment  the  same  amount  of  feed 
and  DE  per  lb.  gain  was  required  by  pigs  fed  the  HE-HP  ration  as  was 
required  by  pigs  fed  the  LE-LP  ration,  the  2  rations  with  similar  energy- 
protein  ratios.  It  appeared  that  during  early  stages  of  growth,  feed 
in  the  presence  of  a  diluent  was  utilized  as  efficiently  as  when  high 
energy  rations  were  fed.  The  energy- protein  ratio  seemed  to  be  the 
major  factor  influencing  feed  efficiency.  At  later  stages  of  growth, 
efficiency  of  feed  utilization  tended  to  be  improved  for  pigs  fed 
rations  high  in  energy. 

In  Experiment  328  pigs  fed  HE-HP,  LE-LP  and  HE-LP  rations 
required  equal  amounts  of  feed  and  DE  per  lb.  gain  from  weaning  to  market. 
Significantly  less  DE  and  a  smaller  amount  of  feed  per  lb.  gain  were 
required  by  pigs  fed  the  LE-HP  ration.  These  observations  are  not  in 
agreement  with  Experiment  328A.  Although  it  is  possible  that  strain  was 
a  factor,  significant  strain  differences  did  not  exist  in  Experiment  328A 
for  efficiency  of  feed  and  DE  utilization.  There  was  a  restriction 
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in  feed  intake  in  Experiment  328  as  compared  to  Experiment  328A.  Such 
a  restriction  commonly  occurs  when  individually  fed  pigs  are  compared 
to  self-fed  pigs  (Hussar  and  Bowland,  1959)  and  it  is  possible  that 
this  restriction  might  have  influenced  the  results  of  Experiment  328 0 
4)  Carcass  Characteristics  of  Market  Swine 

The  data  and  statistical  analysis  for  carcass  characteristics 
of  market  swine  are  given  in  Tables  23  and  24  for  Experiment  328A  and 
in  Tables  25  and  26  for  Experiment  328.  In  these  experiments  there 
were  no  significant  differences  between  the  market  weight  of  male  and 
female  pigs  or  between  pigs  fed  different  rations. 

Male  and  female  pigs  had  similar  dressing  percentages,  as  did 
pigs  fed  rations  at  varying  protein  levels.  Pigs  fed  rations  high 
in  energy  had  significantly  higher  dressing  percentages  and  correspond¬ 
ing  higher  hot  carcass  weights  than  pigs  fed  rations  low  in  energy. 

These  observations  agree  with  the  report  by  Bowland  and  Berg  (1959). 

The  pigs  fed  high  energy  rations  had  a  greater  depth  of  average 
backfat  than  those  fed  low  energy  rations.  Covariance  analysis  was 
not  conducted  to  see  if  this  increase  in  fat  thickness  was  associated 
with  the  increased  carcass  weight  of  the  high  energy  pigs.  Male 
pigs  had  a  greater  thickness  of  backfat  than  females. 

In  Experiment  328  pigs  fed  rations  high  in  protein  had  less 
backfat  than  pigs  fed  low  protein  rations.  An  interaction  also 
resulted  as  increasing  the  protein  level  of  low  energy  rations  decreased 
backfat  more  than  increasing  the  protein  level  of  high  energy  rations. 
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TABLE  23.  -  EXPERIMENT  328A  -  AVERAGE  ADVANCED  REGISTRY  MEASUREMENTS  AND  SCORES 

FOR  SWINE  CARCASSES 
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TABLE  24.  -  EXPERIMENT  328A  -  MEAN  SQUARES  OBTAINED  BY  ANALYSIS  OF 
VARIANCE  OF  INDIVIDUAL  DATA  SUMMARIZED  IN  TABLE  23 
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TABLE  25.  -  EXPERIMENT  328  -  AVERAGE  ADVANCED  REGISTRY  MEASUREMENTS  AND 

SCORES  FOR  SWINE  CARCASSES 
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Loin  area  was  independent  of  the  level  of  energy  in  the  ration 
but  increased  when  the  protein  level  was  increased,  and  was  higher  for 
female  than  for  male  pigs.  In  Experiment  328  the  increase  in  loin 
area  when  high  levels  of  protein  were  fed  was  not  significant.  The 
observation  that  protein  level  in  the  ration  influences  loin  area  agrees 
with  several  recent  reports  including  that  of  Bowland  and  Berg  (1959). 

Length  of  side  was  not  affected  by  energy  and  protein  level. 
Female  pigs  had  significantly  longer  carcasses  than  males.  In  work 
reported  by  Bowland  and  Berg  (1959)  female  pigs  tended  to  be  longer  than 
males  while  in  a  study  of  performance  traits  of  Canadian  Yorkshire  swine, 
Fredeen  (1953)  reported  that  female  carcasses  averaged  0.23  inches  longer 
than  male  carcasses. 

Pigs  fed  low  energy  and  high  protein  rations  had  carcasses 
which  gave  higher  total  A.R.  scores  than  pigs  fed  high  energy  and  low 
protein  rations  respectively.  Increasing  the  protein  level  did  not 
significantly  increase  the  total  A.R.  score  in  Experiment  328.  Female 
carcasses  outscored  male  carcasses  in  all  factors  measured. 
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SUMMARY  AND  CONCLUSIONS 

The  following  results  were  obtained  when  rations  containing  2 
levels  of  energy  and  2  levels  of  protein  were  fed  to  rats  and  swine. 
Rations  fed  to  swine  had  gross  energy  levels  of  3,2  and  3.9  Cal./gm. 
and  crude  protein  levels  of  14  and  18  percent.  Terralite,  a  finely 
ground  aggregate  of  vermiculite,  was  used  as  a  diluent  in  the  low 
energy  rations. 

In  the  rat  trial  two  additional  low  energy  rations  containing 
Alphacel,  a  non-nutritive  cellulose,  as  a  diluent  were  fed.  Terralite 
compared  favourably  with  Alphacel  as  a  diluent,  although  there  were 
differences  in  the  effects  which  the  2  products  had  on  digestibility* 

1)  Rat  and  Swine  Metabolism  Trials 

In  the  rat  and  swine  digestibility  and  retention  studies  rate  of 
gain  and  feed  consumption  data  were  expressed  on  a  per  unit  average  body 
weight  basis.  This  correction  for  body  weight  was  necessary  as  rate  of 
gain  tended  to  be  higher  for  animals  fed  rations  high  in  energy  and/or 
protein. 

Indigestible  materials  in  the  ration  tended  to  decrease  energy 
consumption  for  both  rats  and  swine.  Less  ADE  was  consumed  by  50  lb. 
pigs  when  fed  rations  low  in  energy.  At  15  and  110  lb.,  however,  pigs 
were  similar  to  rats  in  that  ADE  consumption  was  not  significantly 
lowered  when  low  energy  rations  were  fed. 

Protein  level  also  influenced  ADE  consumption.  Rats  and  50  lb. 
pigs  consumed  greater  amounts  of  ADE  when  fed  the  HE-LP  ration  than  they 
did  when  fed  other  rations. 

Percent  dry  matter  and  energy  digestibility  figures  were  corrected 
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for  moisture  and  diluent  content.  Corrected  dry  matter  and  energy 
digestibility  remained  the  same  in  the  presence  of  Alphacel  as  on  the 
control  rations,  but  for  rats  and  15  lb.  pigs  decreased  in  the  presence 
of  Terralite.  There  were  significant  differences  in  dry  matter  and 
energy  digestibility  associated  with  litters  and/or  replicates  in  both 
species.  Average  dry  matter,  energy  and  nitrogen  digestibilities  were 
similar  for  rats  and  swine,  although  swine  digestibility  figures  changed 
with  the  age  of  the  pig. 

The  percentage  ADN  did  not  increase  significantly  as  the 
nitrogen  level  in  the  diet  was  raised,  except  for  50  lb.  pigs.  However, 
when  high  protein  rations  were  fed  to  rats  and  to  15  and  110  lb.  pigs, 

ADN  figures  were  higher  than  when  low  levels  of  protein  were  fed.  ADN 
was  decreased  for  both  species  when  a  diluent  was  used  to  lower  the 
energy  content  of  the  ration. 

On  the  basis  of  nitrogen  retention  weanling  pigs  required  a 
higher  level  of  protein  in  their  ration  than  was  required  by  weanling 
rats.  As  the  diets  had  an  energy-protein  ratio  below  that  required  for 
maximum  nitrogen  utilization  by  rats,  nitrogen  retention  as  a  percentage 
of  gross  or  digestible  nitrogen  was  low  for  all  diets  used  in  the  rat 
trial.  In  the  trial  with  15  lb.  pigs  the  percent  nitrogen  retention 
was  increased  by  raising  the  protein  level  of  the  ration.  Nitrogen 
retention  for  15  lb.  pigs  was  also  affected  by  the  energy-protein  ratio. 
At  later  stages  of  growth  in  pigs  nitrogen  retention  appeared  to  decrease 
when  high  levels  of  protein  were  fed. 

In  the  rat  trial  retention  of  nitrogen  as  a  percentage  of  gross 
or  digestible  nitrogen  was  lower  on  low  energy  than  on  high  energy  diets. 


— J  -J  >  -  .  -K  J  A...  .4  — '  ..  U,  _ 


;  . .  •  ..  .  J.U 


-J  --  ..  J  I  .  O  ...  ..  . . C,  . 


.  iu  - 


. 


.  <-y  --  »  •  -  -  .  j  . 


*  J-  J  J  —  w  J-  . 


o.  r» 


’jj  u.  «  . . .  >_....  i . 


. . . .  ..  . .  \  . .  <  .  . 


jj-  ...  o . . ij .  .  ..1  .  j..  -■ 


J  w<  _ _  .  ...  _  ....  .  .  v-  . .  '»  ^  J  1.  •  £  O  w  ..  jI.-L  . 


-  .  ,  -O  . 


{  _  —  -  .  w  *  —  _  .  » . 


.  sJ  ~J  r  -  J 


^  ’  v.  ^  \  .  .  <  •  '  —  •  -  -  -  —  --  .  •'  .  .  ’  0  -  ' -  *  1  _i  - 


-i  w'  O'  ..  O  .. 


.  _  1  i 


•  ..j.  O'.  jC  j  ..0  - ...  .....  a  i  0 


.  . .  J.  J.  > 


w  j  -..  *.-o  _  ^  -  J  - -  ..  ..  .  _  -  ' - -  LJ  _ 


.jv:  ...  o 


— 


_  - .  -w  -.  ,  -  O 


_  j 


is.  .  - j  . ;  .  .j 


. ^  j.  L  J.  ij  -  j  ..  •  j.  »  •  .  .  .  j 


.  jj.it  ..a  j '  wO  ^  _:  . 


_ j;  „  .  _  _ .  -  -J ' . .  .  .  G  e_i . j  .  .  -J 


.G 


'  -J  J..j  J 


>  .  -  .  -J 


:  ..  ,.:i 


. 


.J  u  i 


G  ...  ... .  ^  o  j  .i  G  —  ..  ui  _.  . .  . .  .  (0  —  j.. - :  i  . . 


-  ...  .  J - 1 


..  J 


...  <yj:.  . a  ..J  '.;u  g  jo'„‘  ;  :.u 


j.  g. 


,:i  .  ~ .  .;. 


-  A 


. .  .  .j  ^  j.i 


...  _ .  — 


..  .  ......  _  _/.  .:; 


;  .  j  . . . . 


L/.. 


u  .... 


J  aa  o..  . 


_/i . ’o'.. ..  w  ; 


'  ^  — i  ..ii 


■  o~ 


..  .  ^ .  :. 


'  ^  - 


—  U —  o  w  -  -  _  -^.  . 


o  0  IT  1-.  J  J.  .  ■  -i.  ,  - .  la  ' 


•  o 


-X  .  •  — •  «J  1  — ^  —  -  — 


•  J  J- 


.  -  i  .  X, 


;  O - 


...  ..0.. .  :  t  ::f 


63 


In  contrast,  nitrogen  retention  was  higher  on  the  low  energy  rations 
than  on  high  energy  rations  fed  to  swine. 

2)  Rate  of  Gain  and  Efficiency  of  Feed  Utilization  by  Swine 

The  average  daily  gain  of  pigs  was  increased  when  high  protein 
rations  were  fed  at  an  early  age,  but  was  retarded  by  high  protein  levels 
at  later  stages  of  growth.  In  the  finishing  period  pigs  fed  high  energy 
rations  made  greater  weight  gains  than  pigs  fed  rations  low  in  energy. 
Rate  of  gain  from  weaning  to  market  weight  was  generally  improved  by 
raising  either  the  energy  or  protein  content  of  the  rations. 

The  efficiency  of  feed  utilization  was  also  improved  by  feeding 
high  levels  of  protein  during  early  stages  of  growth  and  by  increasing 
the  energy  level  of  the  ration  at  later  stages.  Feeding  high  levels 
of  protein  during  the  finishing  period  tended  to  decrease  efficiency 
of  feed  utilization. 

3)  Carcass  Characteristics  of  Market  Swine 

Carcasses  from  pigs  fed  high  energy  rations  had  a  higher  dressing 
percentage  and  more  backfat  than  pigs  fed  rations  low  in  energy.  Loin 
area  was  independent  of  the  level  of  energy  in  the  ration  but  was 
increased  when  the  protein  level  was  raised.  Length  of  side  was  not 
affected  by  the  energy  or  protein  level  of  the  ration. 

When  the  energy  level  of  a  ration  was  raised  but  the  energy- 
protein  ratio  was  held  constant  the  pig  carcasses  had  a  greater  depth  of 
backfat .  However,  they  also  had  a  higher  dressing  percentage  and 
an  increased  loin  area.  It  appeared  that  carcass  quality  was  not 
seriously  affected  by  feeding  high  energy  rations  which  contained 
corresponding  high  levels  of  protein. 
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4)  Rate  of  Gain,  Efficiency  of  Feed  Utilization  and  Carcass 

Characteristics  of  Female  and  Male  Pigs 

Rate  of  gain  during  the  early  stages  of  growth  did  not  differ 
between  sexes.  Males,  however,  made  faster  gains  from  approximately 
90  to  195  lb.  liveweight  and,  therefore,  had  a  higher  daily  rate  of  gain 
than  females  from  weaning  to  market  weight. 

The  dressing  percentages  of  male  and  female  pigs  were  similar. 
Carcasses  from  female  pigs  were  longer,  had  less  backfat,  greater  loin 
area  and  a  higher  total  Advanced  Registry  score  than  those  of  male  pigs. 
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